
Labels: 

• RubMap.ch & License Disciplinary data

Business (focused on Colorado): 

• Yelp, GIS, U.S. Census, Land Cover type

• Total: 425 (Label 1: 85, Label 0: 340)

Investigative Weights: 

• Licensing, out-of-state links

• Hotspot proximity, demographics 

Knapsack Instantiation: 

• Randomly sampled 50 businesses for 100 

knapsack instances

Multi-source Integration - Data

• Law Enforcement Agencies (LEAs) have 

limited resources and are overwhelmed by 

the volume of investigations

• We integrate predictive analytics (ML) 

with prescriptive decision-making for 

scalable, detection of IMBs with the 

highest impact under limited capacity
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• Illicit massage businesses 

(IMBs) across the U.S. offer 

commercial sex

• These illegal establishments 

exploit “workers” through 

sex and labor trafficking

Introduction

Model Applicability: 

• Generalizable to any business dataset

• Metrics are context-driven

Broader Impact:

• Decision-framework for investigations 

• Inform policy reform and transparency

Practical Impact

Methodology: Decision Focused Learning

• Developed a framework that integrates 

prediction & optimization by aligning model 

training with downstream knapsack decisions

• The DFL outperforms the PTO baseline 

demonstrating effective resource allocation

• Dynamic Decision: Model sequential and 

budget-adaptive investigations

Conclusion & Future Work

Deployment: Testing Results

Performance at various Capacities

Data Statistics

Input Features (𝒙𝒊) 

Machine Learning 

(ML) Model: 𝑓𝜃
Pred. Parameters (ෝ𝒚𝒊)

Output: Predicted 

value of each business

ො𝑦𝑖=𝑓𝜃(𝑥𝑖)

Optimization Model: Knapsack
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Predict-then-Optimize (PTO): 

training using prediction loss

Decision Loss

𝑚𝑖𝑛𝜃,𝑏 (𝑅𝑑𝑒𝑐𝑖𝑠𝑖𝑜𝑛+ 𝜆 𝑅𝑝𝑟𝑒𝑑𝑖𝑐𝑡𝑖𝑜𝑛)

Optimal Decisions (𝒛∗)

Output: Set of businesses 

to investigate under fixed 

capacity

Decision Focused Learning (DFL): training using decision loss

Objective:

min
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Key Constraints:

1) Machine Learning Predictions: ො𝑦𝑘𝑖 = 𝑏 + σ𝑗 𝜃𝑗  𝑥𝑘𝑖𝑗

2) Binary Thresholding ො𝑦𝑘𝑖
𝑏𝑖𝑛 = 1, 𝑤ℎ𝑒𝑟𝑒 ො𝑦𝑘𝑖 ≥ = 𝑡ℎ𝑟𝑒𝑠ℎ ;  0 𝑜. 𝑤.

3) Investigative Weight Ordering:  𝑧𝑘𝑖1 ≥ 𝑧𝑘𝑖2 − 1 − ො𝑦𝑘𝑖1
𝑏𝑖𝑛 − 1 − ො𝑦𝑘𝑖2

𝑏𝑖𝑛

4) Selection Constraint:  𝑧𝑘𝑖 ≤ ො𝑦𝑘𝑖
𝑏𝑖𝑛

5) Investigative Capacity ∶  σ𝑖 𝑤𝑘𝑖𝑧𝑘𝑖 ≤ 𝐶

To get optimal decisions (zki) from trained ML parameters ( ො𝑦𝑘𝑖):

Solving knapsack with Objective:  𝑚𝑎𝑥
𝑧𝑘𝑖

σ𝑘=1
𝐾 σ𝑖=1

𝑛 ො𝑦𝑘𝑖  𝑧𝑘𝑖 ,  Constraint: σ𝑖 𝑤𝑘𝑖𝑧𝑘𝑖 ≤ 𝐶 

𝑅𝑑𝑒𝑐𝑖𝑠𝑖𝑜𝑛: 𝑳𝒐𝒔𝒕 𝑼𝒕𝒊𝒍𝒊𝒕𝒚 𝑅𝑝𝑟𝑒𝑑𝑖𝑐𝑡𝑖𝑜𝑛: 𝑭𝑷 + 𝑭𝑵

Exact Solution Method:

Indices: 𝑘 = 1, … , 𝐾 𝑘𝑛𝑎𝑝. 𝑖𝑛𝑠𝑡 , 𝑖 = 1, … , 𝑛 𝑏𝑢𝑠𝑖𝑛𝑒𝑠𝑠 , 𝑗 = 1, … , 𝑝 𝑓𝑒𝑎𝑡.

Knapsack Instance

Total 50

Label = 1 (illicit) 10

Label = 0 40

Imbalance ratio 0.25

C 𝝀 Method 𝑹𝒅𝒆𝒄𝒊𝒔𝒊𝒐𝒏 𝑹𝒑𝒓𝒆𝒅𝒊𝒄𝒕𝒊𝒐𝒏

15 0 PTO 2.0750 9.6000

15 0 DFL 1.2250 10.2750

15 0.5 PTO 2.0750 9.6000

15 0.5 DFL 0.7750 3.3250

Performance Metrics

Performance at various Lambdas

Estimated 15,000 IMBs across 

the U.S. (The Network, 2024) 

Bonded 

Labor

Deceptive

Recruitment

Document

Confiscation

Fear of

Exposure

Threat or 

Violence

Exploitation

Tactics

ReductionReduction


	Slide 1

